The rotational Zeeman effect in 2-methylfuran has been measured and the results are compared with those of furan. The Zeeman parameters for the torsional A-species are gaa = -0.0704 ± 0.0005, gbb = -0.0335 ± 0.0004, gcc = +0.0253 ± 0.0005, 2 yaa -ybb -ycc = (23.6 ±0.9) • 10-6 erg/(G2 mole), 2 Xbb -Xaa -Xcc = (44.2 ± 0.7) • 10"6 erg/(G2mole). The corresponding values of the torsional E-species agree with those of the A-species within twice the standard deviation.
This communication is part of our investigations of substituted aromatic compounds. The analysis of the Zeeman-effect in 2-methylfuran extends the studies on heteroatomic five membered rings1-2 to methyl substituted compounds. The special purpose of this work is to investigate the influence of a methyl group on the electronic structure of the ring.
The Zeeman microwave spectrometer used in this work is a conventional Stark-effect modulated microwave spectrometer combined with an electro magnet. The effective cell length is 2.10 m and the modulation frequency is 33 KHz. A detailed de scription of the spectrometer is given in Reference3.
The microwave spectrum of 2-methylfuran had been assigned previously4-5 and the zero field tran sitions were found without difficulty. Tables 1 and 2 show the observed and calculated Zeeman splittings for the torsional A-and E-species.
The analysis of the splittings follows a first order perturbation treatment given bv Hüttner and Flygare 6. The effect of the magnetic field on the rota tional spectrum of a diamagnetic molecule with no nuclear quadrupole moment is given by M H E (J, T, M) = -\ y H z2-li , I ggg<Jg2 S > 3 M 2 -J ( J + 1) (2 J -1) (2 J + 3) (J + 1) J Q J , r and M are the rotational quantum numbers, X = 1/3 (Xaa + Xbb + Xcc) is the bulk magnetic susReprint requests to W. Czieslik, Institut für Physikali sche Chemie der Universität Kiel, Abteilung Chemische Physik, D-2300 Kiel, Olshausenstraße 40-60. ceptibility; ygg are the diagonal elements of the susceptibility tensor; g -a, b, c are the principal inertial axes; Hz is the magnetic field in the spacefixed Z-direction, ggg are the diagonal elements of the molecular (/-tensor, ( J g2)> is the expectation value of the squared angular momentum component along the gr-axis.
The magnitude and the relative signs of the ^-values and two independent magnetic suscepti bility anisotropics, which are chosen to be 2 Xaa -Xbb ~ Xcc and 2 Xbb -Xaa ~ Xcc , were calculated from Equation (1). The absolute signs of the g-values could be determined by the fact that the sum <01 T Cf2 | 0) is a positive definite value; the other choice of the signs as given in Table 3 and 4 would lead to a negative value of <o| 2 c«2 1 o>.
For a critical evaluation of the resulting constants, which were calculated by a least squares fit of the measured satellites, two main sources of systematic error should be considered: 1) The selection of the rotational transitions and their satellites for the calculation of the Zeeman parameters, as Eq. (1) neglects second and higher order perturbations. 2) The inhomogeneity of the magnetic field along the absorption cell.
To get an idea of the uncertainties arising from source 1, we calculated the Zeeman parameters for the torsional A-and E-species with different selec tions of satellites. First all resolved satellites were included. Then we repeated this calculation ex cluding those lines arising from near degenerate energy levels (energy differences less than 200 MHz). In the special case of 2-methylfuran these levels are Table 4 (24 equations). S: Fit taking into account the magnetic field inhomogeneity. All resolved satellites are used (36 equations). Table 3 and 4 column 1 and 2. It may be seen from the data that all Zeeman para meters agree within twice the standard deviation; the approximation used in Eq.
(1) seems to be suf ficient.
It was shown that a constant "effective" field can be found in a way that the calculated Zeeman para meters agree within the standard deviation with those considering the inhomogenious field. These results are given in Table 3 and 4 column 4.
To compare the Zeeman parameters for the tor sional A-and E-species the procedure described is repeated for the same set of satellites from both species. Tbe results of these calculations are given in Table 3 and 4, column 3. As may be seen from the data there are no differences between the Zeeman parameters of the torsional A-and E-species within twice the standard deviation. The influence of the torsion on the magnetic constants is not evident for this molecule.
From the above Zeeman parameters, together with the rotational constants, the geometry of the molecule and the bulk magnetic susceptibility the following quantities could be derived and are given in Table 5 Since the restructure of 2-methylfuran is not yet known we assumed the same structure as that given in Reference 5. The sums 2 Zn gn2 over all nuclei are included in Table 5 (Zn = atomic number, gn = a, b and c coordinate of the n-th atom respec tively). The bulk magnetic susceptibility £ = 1 /3 (Xaa+ Xbb + Xcc) was available only from liquid state measurements as x = (-50.9 ± 1.6) • 10-6 erg/(G2 mole)7. To ac count for the probable difference between the liquid and gas state values the above experimental error of y was replaced by ± 5 .0 • 10~6 erg/(G2 mole). Table 3 , column 1. quantity value unit Qaa 6.4 ± 1.0 io-"26 esu cm2 Qbb 0.0 ± 1.0 10" 26 esu cm2 Qcc -6.4 ± 1.6 io-26 esu cm2 Xaap 164.3 ± 2.2 io--6 erg/(G2mole) X bb P 387.9 + 4.9 io--6 erg/(Gmole)2 Xcc V 480.5 ± 5.1 io--6 erg/(G2mole) <0 2 K 2 -b i 2) 0> 51.1 ± 1.4 10" -16 cm2 <0 2 (bi2 -C i2) |0>
30.6 ± 0.8 io--16 cm2 <0 2 (ct2-er*2) |0> -81.7 ± 1.4 10" -16 cm2 2 Zn an2 85.6 ± 0.9 io--16 cm2 2 Zn bn2 33.1 ± 0.3 io--16 cm2 2 Z>n C n2
1.6 ± 0.2 10" -16 cm2 1/3 (Xaa + Xbb + Xcc) -50.9 ± 1.6 10" 6 erg/(G2mole) Xaa -43.0 ± 5.3 io--6 erg/(G2mole) Xbb -36.2 ± 5.2 io-6 erg/(G2mole) Xcc -73.5 ± 5.5 io-6 erg/(G2mole) <0 2 «i2 0> 90.8 ± 3.4 io--16 cm2 <0 2 bi2 0> 39.7 ± 3.4 io-15 cm2 <0 2 et21 o> 9.1 ± 3.4 io--16 cm2 We find that the substitution of a proton in the 2-position of furan by a methyl group changes Ax by + (4.8 ± 1.0) • IO-6 erg/(G2*mole).
According to Benson8 it is possible to split the magnetic susceptibility anisotropy into a local and a nonlocal part. The latter is related to the molecular ring current, which may be taken as a measure of the aromaticity of the molecule. The local part of the susceptibility anisotropy can be calculated from the atomic susceptibility anisotropics given in Table 6 . The results for 2-methylfuran and furan arê X'locav = -(14.0 ± 3.9) • 10-6 erg/(G2 mole) and Ax'iocav = -(15-6 ± 3.1) • 10"« erg/(G2 mole), respectively. These values combined with the ob served anisotropics Ax lead to a nonlocal part Ax 'noniocar = ~ (19-9 ± 4.7) • 10~erg/(G2mole) andAx'nomocav = ~ (23-1 ± 3.3) • 10~6erg/(G2mole) for 2-methylfuran and furan, respectively. The re sults show no significant difference between the nonlocal parts of the susceptibility anisotropics of 2-methylfuran and furan. Therefore, we cannot con clude that the ring currents and the associated aromaticities of furan and 2-methylfuran are differ ent.
A detailed discussion of these results will be given when analogous data for more methyl substituted compounds are available.
